T issue perfusion is controlled by a network of resistance arteries linked in series and parallel with one another. It has been long appreciated that blood flow resistance is distributed throughout this network, and thus substantive change in perfusion only occurs when coupled arteries respond in a coordinated fashion. To coordinate vasomotor responses, vascular cells must communicate with one another. This communication is, in part, facilitated by gap junctions, which are intercellular pores that permit charged ions, second messenger molecules, and small metabolites to pass among adjacent cells. Gap junctions are formed by two hemichannels, each containing 6 connexin proteins. At present, the connexin gene family is comprised of 14 members, with the most predominant subtypes being Cx40 and Cx43 in vascular smooth muscle 1 and Cx37, Cx40, and Cx43 in endothelial cells. 2 For gap junctions to form an electrical or diffusional conduit, vascular cells must lie in close apposition to each other. With few structural elements limiting the contact of adjacent smooth muscle cells or adjacent endothelial cells, it has been widely accepted that these cells are homologously coupled. Indeed, studies using connexin antibodies to characterize gap junctional distribution have substantiated this view. 1, 3, 4 In contrast, the internal elastic lamina, a connective tissue layer that separates smooth muscle from the endothelium, has been presumed to prevent the formation of heterologous (ie, myoendothelial) gap junctions. However, some studies have shown that the internal elastic lamina is not contiguous and that endothelial cells can indeed penetrate this barrier, emerging in close apposition to the smooth muscle cell layer. [5] [6] [7] Such findings, coupled with observations indicating that fluorescent dyes can transfer between the two cell layers, suggest that myoendothelial gap junctions could indeed be present in the resistance vasculature. 8 It is only the absence of connexin labeling that prevents definitive identification.
With structural studies pointing to the possibility of direct communication between endothelial and smooth muscle cells, questions have arisen as to whether function follows form. In general, the preferred method to functionally test for myoendothelial gap junctions has been to alter ion channel conductance in one cell type while monitoring membrane potential in the other cell type. Myoendothelial gap junctions are judged as being present or absent depending on the change in resting membrane potential. Although simple in theory, this approach necessitates the experimenter to identify the cell from which recordings are being obtained and ensure that the modulators of ion channel activity are cell selective. Indeed, it is because of the limited presentation of such controls that it has been difficult to conclusively resolve whether myoendothelial gap junctions are present in the resistance vasculature.
In this issue of Circulation Research, Emerson and Segal 9 provide both structural and functional evidence for myoendothelial coupling in feed arteries isolated from the hamster retractor muscle. Electron photomicrographs (see Figure 1 9 ) show that endothelial cells come into close contact with the smooth muscle cell layer, a structural prerequisite for myoendothelial gap junctions. However, more impressive is the simultaneous recording of membrane potentials in an identified endothelial cell and a smooth muscle cell in a pressurized artery so as to provide functional evidence for myoendothelial gap junctions. By using two microelectrodes, the authors were able to inject positive and negative currents into one cell layer while monitoring the membrane potential response of the adjacent cell layer. It is with this approach that Emerson and Segal 9 were able to demonstrate the spread of current not only along an artery but between the two cell layers, an observation consistent with myoendothelial gap junctions. What makes these data particularly compelling is the use of fluorescent dyes to identify the cells from which recordings have been obtained.
This study raises intriguing questions with respect to the function of myoendothelial gap junctions in integrated vascular behavior. 9 Do these junctions, as suggested by authors, enable a change in endothelial K ϩ conductance to directly hyperpolarize and relax smooth muscle cells? 9 Equally interesting, does smooth muscle hyperpolarization lead to a hyperpolarization of the adjacent endothelial cells, which in turn augment the release of hyperpolarizing and relaxing factors (eg, nitric oxide, prostaglandins, and cytochrome P-450 metabolites) from the endothelium? Such hypotheses are indeed provocative; however, they are difficult to resolve without a deeper understanding of the processes that regulate these pores. Indeed, far from being unregulated bidirectional pores, gap junctions display diverse properties, including asymmetric current-voltage behavior 10 and intrinsic modulation by protein kinase C, 11 cGMP, 12 and Ca 2ϩ . 13 By using an approach similar to that successfully used by Emerson and Segal, 9 future studies will start to unravel the hidden secrets of gap junctional regulation.
